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SUBSTORMS, PSEUDOBREAKUPS AND QUIESCENT EVENTS
CAUSED BY INTERPLANETARY SHOCKS
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We use WIND solar wind data and POLAR UV imaging data to study mag-
netospheric responses and substorm triggering mechanisms during and after
interplanetary (IP) shock events. Of 533 [P shock events that occurred in 1997
and 1998 at WIND, 138 events have POLAR near-midnight UV images available.
All of these 18 events are used in this study. The nightside auroral responses are
classified 1nto three types: substorm expansion phase (SS) (or substorm further
intensification) events, pseudobreakup (PB) events, and quiescent (QE) events.
It 1s found that the solar wind precondition determines the causes of the dif-
ferent auroral responses, with a ~ 1.5 hr “precondition” (upstream of the [P
shock) giving the best empirical results. The upstream IMF B, is strongly
southward prior to substorm triggerings (44% of all events), the IMF B, is
~ 0 nT for PB triggerings (39% of all events), and the IMF is almost purely
northward for quiescent events (17%). A magnetotail-compression substorm
triggering model is developed and presented. This model uses dayside mag-
netic reconnection to load the near-Earth plasma sheet and a current disrup-
tion mechanism to unload the stored energy. We call this model a Dripping,
Tilting Bucket (DTB) model.
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WIND - September 24, 1998
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IP shock Arrival

v

R
;

— e
P

T,

234217 LT (a) 23:43:30 LT (b) 444 LT (o)

J ° \ pd »
\.. L A-;‘\. e .
AL ARt Sh

s

23:45:57 UT (d)
iz~

phctens em™ s~

_ v POLAR UVI LBHL September 24, 1998




WIND - January 10, 1997
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Associated IMF Bz
(Within expected tim

turning events
e + 15 min)

Type Date IMFBn (nT) WFBs (nT)
Events Events
Sep 18, 1997 No Mo
Oct 1, 1997 No Mo
Oct 10, 1997 Yes No
Nov 22, 1997 No No
SS Apr7, 1998 No No
May 3, 1998 No No
May 29, 1998 No Yes
Sep 24, 1998 Yes No
Jan 10, 1997 No No
Aug 9, 1997 Yes No
Oct 23, 1997 No No
PB Nov1, 1997 No No
Dec 10, 1997 No No
Sep 8, 1998 No Yes
Oct 2, 1998 No No
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Dripping, Tilting Bucket Model
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Magnetotail
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TRIGGERING MECHANISMS

1. Magnetic Reconnection Precursor IMF B, will lead to
near-tail plasma sheet density (Lennartsson and Shelley,
1986) and thermal pressure (Borovsky et al., 1998)
enhancements. Tail compression will cause cross-tail
current sheet thinning and magnetic reconnection as

discussed in Coroniti and Kennel (1972).

2. Current Disruption Decrease in tail diameter and also
current sheet compression both lead to cross-tail current
density enhancements. Plasma instabilities (Papadopoulos,
1979 and Chang et al., 1990) can lead to current sheet
disruption (Lui et al., 1990).




SUMMARY AND CONCLUSIONS

1. Substorm triggering mechanism can be studied using
interplanetary shock events. Effects in the magnetotail are
large, clear and have small time uncertainties.

2. Interplanetary precursors play a major role in the triggering
~ of substorms, pseudobreakups or nothing (quiescent events).
Shock triggering geomagnetic activity can now be predicted?

3. Effects of magnetotail compression are well understood.
Specific triggering mechanisms should be tested in this light.
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0 IMF ontwear uing avent i capig by

1) the turning occurred after a period (2 30 min) of predominantly negative IMF B, at<-2nT.

2) B, remained elevated for at least 10 min with at least one point at least 2.5 nT higher than at the turning
onset.

L IMF southward tuming event s fanteg by

1) The IMF B, > 2 nT for more than 5 hr.
2) and then, the IMF B; <-1.5nT over next one hour.

The expected time T is:
T 1 To T~ TC
where 1 is the delay time between magnetopause contacting and the a substorm expansion onset. For Bn

event it is ~ 9 min (Lyons et al,, JGR, 1997), for Bs event it is ~ 1 hr (lyemori, JGG, 1980). We examined IME B,
tuming events in a duration of AT = T+ 15 min.



September 24, 1998 event

R: 19 = 13.3Re (at X = -15 Re)
B, = 2.1B, I=2.11(mA/m)
P, =44P, h = h17 (PV")s = const.

Vy = const. Ey = 1.43 Ey




